Forced abstinence from chronic two bottle-choice ethanol drinking produces the development of negative affective states in female C57BL/6J mice. We previously reported that this disrupted behavior is acutely reversed by administration of ketamine 30 min-prior to testing. Here we assessed whether ketamine can be used as an inoculant against the development of abstinencedependent affective disturbances. In parallel, we examined the impact of ketamine administration on long-term potentiation (LTP) in the bed nucleus of the stria terminalis (BNST), a region implicated in affective disturbances. We administered ketamine (3 mg/kg i.p.) to female C57BL/6J mice with a history of chronic ethanol drinking at either the onset, two, or 6 days-post-abstinence and observed its impact on affective behavior in the elevated plus maze (EPM), the Novelty Suppressed Feeding Test (NSFT), and the Forced Swim Test (FST). In addition, we assessed BNST synaptic plasticity with field potential electrophysiology two to 3 weeks into abstinence. We found that early abstinence was associated with disrupted behavior on the EPM. Ketamine administered at the onset of forced abstinence prevented both the deficit in early EPM behavior, and the delayed deficits in NSFT and FST. However, ketamine administered either two or 6 days post-abstinence failed to prevent the abstinence-induced affective disturbances. To begin to explore potential alterations in neural circuit activity that accompanies these actions of ketamine, we assessed the impact of ketamine administration at the onset of forced abstinence and measured LTP induction in the BNST. We find that early ketamine administration persistently increased the capacity for LTP within the BNST. These findings suggest a critical period at the onset of forced abstinence in which ketamine inoculation can prevent the development of affective disturbances, in part by enhancing plasticity within the BNST.
INTRODUCTION
Affective disturbances such as generalized anxiety and major depression are associated with alcohol use disorders (AUDs) in humans [1] . Rodent and human studies have shown that negative affective disturbances can develop during withdrawal from chronic contingent alcohol drinking [2] [3] [4] [5] [6] and contribute to negative reinforcement-based alcohol intake [6] [7] [8] . Current treatment strategies for managing depression largely include blocking either reuptake or breakdown of monoamine neurotransmitters. These therapeutics have drawbacks in that it takes weeks to months for a therapeutic response, and nearly 50% of patients show full remission [1, 9] . Moreover, drinking alcohol can potentiate the side effects of antidepressants and worsen the symptoms of depression; for example, reuptake inhibitors can increase alcohol seeking behavior [10, 11] . In addition, studies have shown that alcohol can lower the seizure threshold for antidepressants that act as monoamine reuptake inhibitors [12] . Therefore, these limitations make it difficult to treat and manage alcohol withdrawal dependent affective disturbances [13, 10] .
Recent molecular and behavioral studies have shown that subanesthetic doses of ketamine can elicit rapid, long-lasting antidepressant actions [9, 14, 15] . We recently reported that 2-week withdrawal from 6-weeks of continuous access 2 bottle choice (2BC) ethanol drinking induces disruption in affective disorders as assessed by the novelty suppressed feeding test (NSFT) and forced swim test (FST) that can be blocked by an acute injection of ketamine (3 mg/kg i.p.) 30-min prior to testing [3] . Here we assess the time-dependence of ketamine administration on affective behavior during ethanol forced abstinence. We find that ketamine prevents the development of affective disturbances when administered at the onset of forced abstinence, and not shortly thereafter (2-6 days).
Studies suggest that the GluN2B subunit of the N-methyl-Daspartate (NMDA) receptor participates in regulating affect and in the antidepressant actions of ketamine [9, 14, 16] . Chronic ethanol administration and early withdrawal increase expression of GluN2B in several brain areas, particularly within the central nucleus of the amygdala and bed nucleus of the stria terminalis (BNST) [17] , both of which are heavily involved in regulating affect [18] [19] [20] [21] . Previously, we found that knockdown of GluN2B-within the BNST produces antidepressant-like actions similar to ketamine [22] and that GluN2B is necessary for long-term potentiation (LTP) within the BNST [23] . Furthermore, we have previously shown that non-contingent chronic intermittent ethanol enhances LTP within the BNST which is dependent on the GluN2B subunit [23] . However, no studies have looked at LTP within the BNST during withdrawal after contingent 2-bottle choice ethanol drinking. Here we show that withdrawal from 2BC ethanol drinking decreases the early component of LTP within the BNST. Further, administration of ketamine at the onset of forced abstinence, but not shortly thereafter (2-6 days) facilitated later LTP induction.
MATERIALS AND METHODS

Animals
One-hundred and eighty-two female C57BL/6J mice were used for this study (The Jackson Laboratory; Bar Harbor, ME). Mice were delivered at 7 weeks of age, group housed (5 mice/cage), and allowed to acclimate to the colony for 1 week. After the acclimation period, mice were singly housed. Mice were maintained on a 12 h light/dark cycle (lights on at 0700 h) under controlled temperature (20-25°C) and humidity (30-50%) levels. Treatments were approved by the Vanderbilt Animal Care and Use Committee.
Drugs
Ketamine HCL (Patterson Veterinary, Devens, MA) was diluted in 0.9% saline and administrated at 3 mg/kg i.p.
Two-bottle choice (2BC) ethanol drinking
Procedures were conducted as previously described [3] . Briefly, mice underwent an EtOH ramp procedure in which mice received either tap water, or ethanol in 30mL-conical tubes. Ethanol was administered in increasing concentration 3% for 3 days; 7% for 6 days, then 10%. Mice were kept on 10% for four-weeks and then moved into the forced abstinence period in which both conical tubes contained tap water. Mice were kept on water for the remainder of the experiment. Ethanol and water sipper positions were switched weekly to avoid position bias. Conical tubes and mice were weighed every 48-h. A drip cage, with one ethanol conical tube and one water conical tube was used to control for natural drip. Preference percentage was measured as ((EtOH solution consumed (g) -Drip)/(total consumed (g)-Drip)) × 100.
Timeline for ketamine administration during abstinence in order to prevent the development for affective disorders Following 2BC ethanol drinking mice were moved to forced abstinence. We administered ketamine at three different time points during forced abstinence. Ketamine 3 mg/kg i.p. was administered either at the onset of abstinence or as soon as the bottles were switched from ethanol to water (day 42), 2-days after the onset of abstinence (day 44), or 6-days (day 48) after the onset of abstinence. Ketamine was administered one to three hours after the onset of the light cycle in all three conditions. Mice were tested for affective disturbances during the abstinence period. Mice were tested on the elevated plus maze (EPM) 24-h after ketamine administration. Novelty-Suppressed Feeding (NSFT) and FST were conducted 2 weeks and 3 weeks after the onset of abstinence respectively (day 56-63).
Elevated plus maze (EPM)
The maze is elevated 55 cm above the ground and consists of two open arms and two closed arms (30.5 × 6.5 cm; 16 cm closed arm height) with a 5 × 5 cm open center zone. The center, and each arm was illuminated to 50 lux. Mice were brought into the testing room and allowed to acclimate for one hour. Mice were placed in the center facing alternate arms and recorded for 5 min. Mice were visualized, recorded, and tracked by camera using AnyMaze software as previously described [3] (Stoelting Co, Wood Dale, IL).
Forced Swim Test (FST) Mice were brought into the testing room and allowed to acclimate for one hour. Mice were then exposed to a 6-min forced swim in a transparent cylinder filled with water (23-25°C). Swim sessions were recorded and a blind observer scored the last 4-min for immobility as previously described [3] . All of the mice in this group had undergone both EPM and NSFT prior to the FST.
Novelty-Suppressed Feeding Test (NSFT) NSFT was conducted as previously described [3] . Forty-eight-hours prior to NSFT, mice were food deprived with a free-feeding window between hours 23-25. In order to acclimate the mice to testing conditions, mice were brought into the testing room 1-h prior to testing. In the center of the room, directly below the video camera, a white box (32 × 32 × 32 cm) was covered with 2 cm of fresh bedding material. A standard normal mouse chow (LabDiet5L0D; West Durham, NC) pellet was placed in the center. Mice were placed into one corner of the box and allowed to explore the box for up to 20 min. Mice were visualized, recorded, and tracked by Any Maze software as previously described. Latency was defined by the duration (in seconds) it took for a mouse to take the first bite of the chow. The video was stopped, and the mouse was immediately removed from the box and returned to the home cage. All of the mice in this group had previously undergone a single EPM exposure 24 h after saline or ketamine administration. Field potential recordings Slices where allowed to equilibrate for at least 1 h. Slices were then moved to an interface-recording chamber, where they were perfused with heated (29°C) and oxygenated aCSF at a rate of 2 mL/min. A glass recording electrode filed with ACSF and a bipolar nichrome stimulating electrode were placed in the dlBNST to elicit an extracellular field response. Baseline responses to a stimulus (50us) at an intensity that produced 40% of the maximum response were recorded for 20 min at a rate of 0.05 Hz. After the 20 min baseline period, LTP was induced with two trains of 100 Hz, 1 s tetanus delivered with a 20 s-intertrain interval at the same intensity as base line test pulse. The N1 was monitored throughout the experiment, and if the N1 changed by more than 20% the slice was discarded. Analyses were made from the percent change of the N2 from baseline 0-10 min after tetanus and 51-60 min after tetanus.
Slice preparation
Statistics
All data are represented as mean ± SEM. All statistics were run using Prism 6 (Graphpad, La Jolla, CA). Differences between groups were assessed using t-tests and one-way ANOVA with significance set at p = 0.05. When significant main effects were obtained using ANOVA tests, a Dunnett's post hoc comparisons between groups was performed.
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RESULTS
Six-week chronic 2 bottle choice (2BC) alcohol drinking in female C57BL/6J mice used for the various experiments are shown in Table 1 . All groups of mice showed an increase in preference and intake as previously shown [3] . Ethanol drinking remained constant during the last four-weeks when the mice had access to 10% EtOH.
Female mice developed affective disturbances in abstinence from 6-week 2BC ethanol drinking The effect of forced abstinence on affective disturbances was evaluated in female C57BL/6J mice following chronic 6-week alcohol drinking (Fig. 1a) . In previous studies, we and others have shown that prolonged forced abstinence (i.e., 2 weeks or later) induces significant differences in depressive-like behaviors, such as FST, sucrose preference test, and NSFT, but not in tests more sensitive to anxiety such as the EPM and light-dark box [3] [4] [5] . In these previous studies, however, anxiety-like behavior was not assessed during early forced abstinence ( ethanol-drinking mice were tested for a depressive phenotype two-weeks (day 56) after the onset of forced abstinence using NSFT, all of these mice were exposed to the EPM two-weeks prior. This experiment revealed that mice with a history of ethanol drinking took significantly longer to feed ( Fig. 1c ; Student's t-test, t(29) = 5.539, p < 0.0001).
Ketamine administration at the onset of abstinence prevented ethanol abstinence induced affective disturbances Previously, we have shown that an acute injection of ketamine is able to reverse affective disturbances induced by prolonged abstinence from 2BC ethanol drinking when administered 30-min prior to testing [3] . Our goal in the present study was to identify a time-course window in which ketamine administration is effective in preventing the development of affective disturbances. First, we tested whether ketamine given at the onset of abstinence (at the same time the ethanol was removed and changed to water: day 42) could prevent the development of affective disturbances. Nineteen mice underwent 2BC water drinking, and 25 mice underwent 2BC ethanol drinking for 6 weeks. Thirty-mice (19 water drinkers and 11 ethanol drinkers) received a saline injection at the onset of abstinence, and 14 ethanol-drinking mice received an injection of ketamine (3.0 mg/kg i.p.) at the onset of abstinence (day 42). Mice were subsequently tested for the development of affective disturbances (Fig. 2a) . Twenty-four hours after the onset of abstinence (day 43), mice were tested on the EPM. One-way ANOVA revealed a significant effect of drinking on time spent in the open arm (F (2,41) = 6.443; p = 0.0037). Dunnett's post hoc revealed that saline-injected ethanol-drinking mice spent less time in the open arm compared to saline-injected water-drinking mice (p = 0.0172), and ketamineinjected ethanol-drinking mice (p = 0.0172) (Fig. 2b) . One-way ANOVA revealed no significant effect on drinking, or treatment on distance traveled on the EPM (F (2,41) = 1.086 p = 0.9993) indicating that locomotor-activity was not impaired in this group of mice (Fig. 2c) . Next, mice underwent the NSFT 2 weeks following the onset of abstinence (day 56). One-way ANOVA revealed a significant effect of drinking (F(2,34) = 24.48; p < 0.0001) in latency to feed. Dunnett's post hoc test revealed that saline-injected ethanol drinkers had a longer latency to feed compared to saline-injected water drinkers (p = 0.0001), and a longer latency to feed compared to ketamine-injected ethanol-drinkers (p = 0.0001). Saline-injected water drinkers, and ketamine-injected ethanol drinkers did not show a significant difference (p = 0.42) (Fig. 2d) .
Ketamine administration two-days after the onset of abstinence failed to prevent ethanol abstinence induced affective disturbances Next, we sought to determine whether ketamine administered two-days (day 44) into abstinence could also prevent the development of affective disturbances. Ten-mice underwent water 2BC and 20 mice underwent ethanol 2BC for six-weeks. Two-days into forced abstinence, 11 mice (five water drinkers and six ethanol drinkers) received an i.p. injection of saline, and six ethanol-drinking mice received an i.p. injection of ketamine (3.0 mg/kg). Mice were subsequently tested for the development of affective disturbances (Fig. 3a) .
Twenty-four hours after the saline or ketamine injection (3 days after the onset of abstinence; day 45) mice were tested on the EPM. One-way ANOVA revealed a significant effect of drinking on (Fig. 3b) . One-way ANOVA revealed no-significant effect on water drinking, or treatment on distance traveled on the EPM (p = 0.9960) indicating that locomotor-activity was not impaired in this group of mice (Fig. 3c) .
Next, a total of 23 mice (six water drinkers and 17 ethanol drinkers) underwent NSFT two-weeks after the onset of abstinence (day 56). One-way ANOVA revealed no significant effect of drinking in latency to feed ( Fig. 3d ; F(2,19) = 1.337; p, 0.28).
Ketamine administration six-days after the onset of abstinence failed to prevent ethanol abstinence induced affective disturbances To further develop a timeline, ketamine or saline was administered six-days into abstinence (day 48) to determine if it is effective in preventing the development of affective disturbances. Nine mice underwent water 2BC and 30 mice underwent ethanol 2BC. Sixdays into forced abstinence, 22 (9 water drinkers and 13 ethanol drinkers) received an i.p. injection of saline, and 17 mice received an i.p. injection of ketamine (3.0 mg/kg). Mice were subsequently tested for the development of affective disturbances (Fig. 4a) .
Twenty-four hours after the saline or ketamine injection (day 49) mice were tested on the EPM. One-way ANOVA revealed a significant effect of drinking on time spent in the open arm (F (2,36) = 4.42; p = 0.0192). Dunnett's post hoc revealed that salineinjected ethanol-drinking mice spent less time in the open arm compared to saline-injected water-drinking mice (p = 0.0116) but no difference was observed in time spent in the open arms with the ketamine-injected ethanol-drinking mice (p = 0.587) (Fig. 4b) . One-way ANOVA revealed no significant effect on drinking, or treatment on distance traveled on the EPM (p = 0.7114) indicating that locomotor-activity was not impaired in this group of mice (Fig. 4c) .
Next, mice were tested 2 weeks following the onset of abstinence using the NSFT (day 56). One-way ANOVA revealed a significant effect of drinking (F(2,41) = 11.67; p < 0.0001) in latency to feed. Dunnett's post hoc test revealed that saline-injected ethanol drinkers had a longer latency to feed compared to salineinjected water drinkers (p = 0.0002), but not a significant change in latency to feed compared to ketamine-injected ethanol-drinkers (p = 0.82) (Fig. 4d) .
Ketamine administration at the onset of abstinence prevents ethanol abstinence induced disturbances as assessed by the FST The FST, a pharmacologically established proxy for depression-like behavior, was used as an additional test for measuring affective disorders. We repeated earlier findings showing that FST immobility in EtOH mice following 18 days of forced abstinence increases FST immobility time [3] . One-week after the NSFT test, mice underwent the FST test. One-way ANOVA shows that ethanol drinking increases immobility time (Fig. 4b . *p < 0.0001). Here we assessed the effectiveness of ketamine administration during the three-time points used above on FST performed in later abstinence (Fig. 4a) . Ketamine prevented the development of FST disturbances only when it was administered at the beginning of forced abstinence (day 42; Dunnett's post hoc #p < 0.0001) ( Figure 5 ).
Ketamine administration at the onset of abstinence persistently increases the capacity for plasticity within the BNST The BNST is a region heavily involved in affective behavior that also is thought to play an important role in alcohol withdrawalrelated phenotypes [24, 25] . In parallel with the time-dependent ketamine injection studies on affective behavior, we also assessed the time dependency of ketamine administration on the capacity for LTP induction within the BNST. We thus assessed the effect of early abstinence ketamine (day 42), and ketamine administered six-days (day 48) into abstinence on BNST LTP induction two to 3 weeks after the onset of abstinence. Fifteen mice underwent 2BC ethanol drinking followed by forced abstinence, and four mice underwent 2BC water drinking for 8 weeks. At the onset of abstinence, five ethanol drinking mice received an injection of saline, and another five received an injection of ketamine (3.0 mg/ kg). Six days into abstinence (day 48), another five ethanol drinking mice received an injection of ketamine. As a control, we performed LTP recordings in mice with a history of 2BC water drinking. Four mice underwent 2BC water drinking for six-weeks and received an injection of saline on the 42nd day of drinking. We recorded LTP within the BNST in all mice two to three weeks into abstinence (day 56-63) (Fig. 6a) . Tetanization produced LTP in the BNST of mice with a history of water 2BC, consistent with previous studies [23, 26] . LTP was also induced in slices obtained from ethanol abstinent mice. A marked decrease in an early component of LTP (referred to here as Shortterm Potentiation, STP) was observed in these experiments, along with a very modest but statistically significant reduction in the later component. We compared the first ten minutes after tetanization and observed that animals with a history of ethanol drinking showed significantly lower STP compared to animals with a history of ethanol 2BC (Fig. 6c: Student's t-test t(18) = 5.732, p < 0.0001). When we compared the last ten minutes of the recording, we found a very modest but significant decrease in LTP in slices from the ethanol abstinent mice. (Fig. 6d ; Student's t-test t (18) = 3.57, p < 0.0022).
We next examined the impact of ketamine administration at either the onset of abstinence (day 42), or 6 days (day 48) into abstinence on measured BNST LTP two to three weeks after abstinence (day 56-63). We found that mice with a history of ethanol drinking that received an injection of ketamine at the onset of abstinence (day 42) had a robust increase in LTP compared to ethanol drinking mice that received an injection of ketamine six-days into abstinence (day 48) (Fig. 6e) . We again compared the first ten minutes after tetanization and found that ethanol drinking mice that got an injection of ketamine 6 days into abstinence had significant lower STP compared to ethanol drinking mice that got an injection of ketamine at the onset of abstinence ( Fig. 6f ; Student's t-test t(18) = 10.56, p < 0.0001). When we compared the last ten minutes of the recording, we found that ethanol drinking mice that got an injection of ketamine at the onset of abstinence-maintained potentiation to a higher degree compared to animals that got ketamine on the 6th of abstinence ( Fig. 6g ; Student's t-test t(18) = 15.02, p < 0.0001). We were also interested to see if potentiation differed in 2BC ethanol drinking animals that got an injection of saline at the onset of abstinence differed from the ethanol drinking animals that got an injection of ketamine on the 6 th day of abstinence. Student's t-test showed no significant difference 10-min after the onset of tetanization (Student's t-test t(18) = 1.351, p = 0.58 nor a significant difference in maintain potentiation (Student's t-test t(18) = 0.1933, p = 0.19) (data not shown).
DISCUSSION
Our results provide a key extension of earlier findings that ketamine can block affective disturbances brought about by forced abstinence following six-weeks of 2BC ethanol drinking. In particular, we found that ketamine prevents the development of affective disturbances if it is administered at the onset, but not 2-or 6-days, after the beginning of abstinence. This is particularly striking since the 2 and 6-day post injections are closer in time to the affective testing than the effective dose at the onset of forced abstinence. Concurrent with these findings, we observed that forced abstinence from six-week 2BC choice ethanol drinking reduced an early component of LTP referred to as STP. Ketamine administered at the onset of abstinence, but not 6 days later rescued the STP deficit and overall increased the capacity for plasticity within the BNST. Our results suggest, for the first time to our knowledge, that ketamine may need to be administered at a specific time point during abstinence in order to effectively treat and manage alcohol use dependent affective disturbances. These data thus suggest a "critical period" during which ketamine is effective in preventing the development of alcohol abstinence induced affective disturbances. The development of affective disturbances Non-contingent models of rodent alcohol administration have shown that anxiety-like behavior is established during early withdrawal [27] , and recent work has shown that prolonged abstinence from contingent ethanol drinking facilitates the development of depression-like behavior [3, 5, 6, 28] . Studies have shown that shift from anxiety-like to depressivelike behavior may predominate in females after prolonged abstinence ( [3] ; Holleran and Winder 2017; [4, 5] ) after continuous access contingent ethanol drinking. Here we show that an anxiety-like phenotype on the EPM can be observed 7 days into absence, but this EPM behavior dissipates by fourteen days [3] . While our current study does use NSFT latency measurement as an indicator of depression-like behavior, it is important to note that NSFT can also be used to measure alterations in anxiety-like behavior since both antidepressants and anxiolytic agents may reduce latency to feed [29, 30] . Therefore, we utilized immobility time in the FST test as an additional measure for depression-like behavior. FST immobility is also increased in prolonged abstinence from following 2BC ethanol drinking [3] [4] [5] .
Time-dependent actions of ketamine "Self-medication" to relieve both anxiety and depressive symptoms is proposed as a driving force for alcohol abuse in some cases, potentially leading to relapse to alcohol seeking during abstinence [8] . Current medications are not effective in treating affective disturbances in a timely fashion. Our results suggest that success in treating AUDs, may involve timedelimited delivery periods for pharmacological agents like ketamine. Previous studies have shown that ketamine rapidly reverses affective disorders [3, 14, 22, 31] , however this may not be long lasting since here we show that rodents injected with ketamine at 2-dys or 6-days into abstinence still develop affective disturbances as assessed by NSFT and FST. When we injected ketamine at the onset of abstinence, affective disturbances were not present two-and three-weeks into abstinence. This suggests that the acute, rapid effects of ketamine may temporarily treat affective disturbances; the long-lasting effect of ketamine is dependent on the period of administration. Similar ketamine time-dependent findings have been shown in both stress-induced depressive disorders, and contextual fear conditioning [32, 33] . Ketamine action in abstinence-associated negative affect While the specific anti-depressive mechanisms of ketamine and other rapid anti-depressants are being actively investigated (for review see: [34] [35] [36] ), pre-clinical studies have suggested that antagonism of GluN2B containing NMDARs with Ro-25-6981 decreases depressive-like behavior in the force swim test [16, 37, 38] , NSFT [31, 37, 38] , and novelty-induced hypophagia [22] . In addition, another GluN2B-NMDA receptor antagonist, ifenprodil, has been shown to reverse chronic unpredictable stress-induced sucrose preference deficits [39] . We have previously shown that deletion of the GluN2B receptor subtype from the BNST can mimic actions of ketamine [22] . Of note, recent work has shown that the antidepressant effect of ketamine may be due to its metabolite (2S, 6S;2R,6R)-HNK. Zanos and colleagues have shown that HNK is three-fold higher in female brain tissue after ketamine administration compared to male mice. The relative roles and actions of these metabolites remain an evolving literature currently [40] [41] [42] . Electrophysiological studies have shown that chronic noncontingent ethanol administration and withdrawal increases the levels and function of the GluN2B NMDAR subtype within the BNST [17] . In addition, we have shown that LTP, a form of plasticity, is dependent upon the presence of GluN2B within the BNST [23] . Here we show that animals with a history of chronic, continuous 2BC ethanol drinking and two-week abstinence have blunted BNST STP. This is reversed when ketamine is given at the beginning of abstinence, suggesting that ketamine may change the location and functionality of GluN2B subunit of the NMDARs. It is interesting to note that the STP inhibition noted here is very similar to the inhibition produced by acute alcohol administration to BNST slices [26] ; however, it differs from the enhanced LTP seen of withdrawal from chronic intermittent alcohol vapor exposure [23] . In future studies it will be of interest to determine whether such differences relate to contingency, BEC levels, pyrazole supplementation, or other possibilities.
Withdrawal periods may be a critical factor in the development of affective disorders Clinical studies have demonstrated that depression and alcohol use are highly comorbid. Different preclinical models of alcohol intake have shown that depression-like behavior develops from either 1 or 2 days after abstinence in a limited access drinking in the dark (DID) model [43] , or in a more delayed fashion after abstinence from chronic continuous 2BC [3] [4] [5] . Animals that undergo a chronic DID paradigm are presented with limited access and the potential for multiple withdrawal periods since the ethanol is removed during the light phase. This pattern may hasten the development of affective disturbances. Lee et al. [43] found that male mice that underwent DID for 6 weeks and were tested in the EPM and light dark box at either day 1 or 2 of withdrawal or day 21 and 22 of withdrawal exhibited potential anxiety-like phenotypes. In future studies it will be of interest to directly compare these paradigms to determine the degree to which sex and ethanol availability regimen contribute to the differences observed.
To summarize, we report that forced abstinence from six-week long 2BC ethanol drinking induces anxiety and leads to the development of affective disturbances during abstinence. In addition, we show for the first time, to our knowledge, that ketamine can be used as an inoculant to prevent the development of ethanol dependent affective disturbances only if it is administered at a specific time point. The critical time point appears to be at the beginning of the abstinent period. This action may be due, in part, through ketamine enhancing plasticity within the BNST when administered at the onset of abstinence. The findings of this study should aid in uncovering the neurobiological bases of alcohol related affective disturbances, and aid in the development of more effective and longer lasting therapeutics [44, 45] .
